By STANLEY E. BRADLEY AND BARBARA PARKER (Fiom the Departments of Medicine and Physiology, New York University College of Medicine, and the Third (New York University) Medical Division of Bellevue Hospital, New York City) (Received for publication July 16, 1941) Angiotonin, a pressor substance arising out of the reaction between renin and renin-activator, has been suggested by Page and Helmer (1) as the humoral mediator of clinical and experimental hypertension. The vasopressor activity of this substance in animals is not abolished by anesthesia or pithing; it causes vasoconstriction in the isolated rabbit's ear (1) and reduces the renal blood flow by constriction of the efferent glomerular arterioles (2) , facts which lead to the belief that it acts directly on the peripheral vascular bed. It is also known that it decreases the diastolic volume in the isolated mammalian heart (3) . In man, the effects are similar to those occurring in animals, namnely, hypertension without change in skin temperature, and diminished renal blood flow occasioned by efferent arteriolar constriction (4) . A further study of the hemodynamic changes involved in the response to angiotonin is the subject of this paper.
METHODS
In the course of these studies, volunteer, normal convalescent patients from the Third (New York University) Medical Division of Bellevue Hospital were used as subjects. All were at least two hours post prandial and had remained at bed rest for thirty to + PIR, where i = i(t), the stroke flow, and P = P(t), the pressure, at any moment t, P' = P'(t) is the derivative of the pressure with respect to the time t, R = peripheral resistance, and E = dP/d V, the elasticity modulus of the central arterial reservoir, V. During diastole in the normal individual, P'/E + PIR = 0, and since E and R are considered constants, E/R = y, a constant, (whence E = yR) the equation now becoming P' + 'yP = 0, and = -P'(t)/P(t) (i.e., y = the rate of fall of pressure at any moment t). Roentgenology of this School for aid and direction in the study of the effect of angiotonin on heart size and pulsation. Kymoroentgenograms and cardiocairograms were obtained before administration of the drug and again at the height of the pressor effect. The cardiocairogram was timed to picture the heart shadow in mid-diastole. Figure 1 illustrates the changes which occurred to a greater or lesser degree in all experiments. Peripheral resistance and mean arterial pressure rose consistently, with an increase in pulse pressure. In the experiment illustrated, stroke voltion of natural gamma, -y, which is practically most useful.
RESULTS
In the determination of -y,, the diastolic stroke flow (i) is zero: In four single injection experiments, cardiac output was substantially reduced, the reduction being the result of decreased heart rate, which was invariable, and such reduction in stroke volume as may have been present. With a single exception (which is shown in Figure 3 ), E. increased markedly, indicating decreased distensibility of the central arterial reservoir. Figure 2 illustrates the effect of the continuous infusion of angiotonin (three experiments). The hemodynamic changes were similar to those induced by a single injection, except that bradycardia is not evident and the decrease in cardiac output is rather less.
X-ray studies of the heart shadow in four additional subjects following intravenous injection of angiotonin revealed An interesting change in pulse pressure contour, consisting of the development of a secondary pre-dicrotic wavelet which was apparently a reflected wave, made its appearance approximately ten seconds after injection of the drug. This change was often associated with sudden, marked slowing and irregularity of the pulse.
No change in the electrocardiogram was observed. DISCUSSION Our data show that in man angiotonin is a definitely pressor substance, producing an elevation in systolic, diastolic and mean pressure, with a widening of pulse pressure. The increase in blood pressure appears to arise out of the increased peripheral resistance, presumably occasioned by arteriolar constriction in as yet undetermined sites.
The efficient elasticity modulus (E.) is found to increase in every case save one (Figure 3 ), which will be discussed below. This indicates that the distensibility of the central arterial reservoir decreases following the administration of angiotonin. It is, however, uncertain what factors operate to bring about this change. It may be that angiotonin acts upon the smooth musculature of the central arteries in the same manner that it acts upon the arterioles, increasing the rigidity of these arteries and thereby decreasing their distensibility. It is, however, well known that the distensibility of arteries decreases with increasing distention, and it may be expected that, when the resistance to outflow from the central arteries is increased by vasoconstriction, the cardiac output remaining relatively constant, increased distention of these arteries will occur and will be reflected in an increase in E,. It (9) for muscular arteries reveals that the decrease in distensibility in our data is less than is to be expected from the equivalent changes in diastolic pressure. This fact might be interpreted as indicating that the distensibility-volume relations are different in the central arterial reservoir and the muscular arteries studied by Bramwell, McDowall and McSwiney, in which view any direct action of angiotonin on these arteries must be slight. We cannot, moreover, rule out a reflex mechanism, such as that observed in the dog by Dow and Hamilton (10) , which on elevation of blood pressure increases the distensibility of the aorta. In any case the increase in pulse pressure observed in all subjects, and illustrated in Figures 1 and 2 , is entirely the result of the change in distensibility of the central arterial reservoir, whatever its origin, and not the result of an increase in stroke volume.
We have mentioned that on one occasion (Figure 3) E. fell following administration of one cc. of angiotonin intravenously. Two cc. in the same individual caused an elevation of E.. It does not seem likely that distensibility of the central arterial reservoir increased in the face of disten-tion in this reservoir, as revealed by a slight elevation of diastolic pressure; it is more likely that this case emphasizes the desirability of caution in interpreting mathematical analysis of the physiological forces which are involved. The calculated values involve several assumptions and yield what at best are only approximations which are useful for showing directional changes and indicating the magnitude of these changes. For example, the determination of y. is apparently valid only in pulse pressure curves which show a slight-tomoderate degree of dicrotism, since the occurrence of a marked dicrotic notch causes an apparent decrease in Pmd, thus elevating E.. With the exception of the subject illustrated in Figure 3 , the pulse pressure curves analyzed here have shown only a slight dicrotism, but in that subject dicrotism occurred to a marked degree during the control period, associated with marked hypotension. Consequently, the control values of E. are relatively high, and fall abruptly to a lower level after angiotonin, when dicrotism is reduced. Thus the change in pulse form (degree of dicro- Bradycardia has in nearly every case been the chief cause for the reduction in cardiac output; presumably, the bradycardia represents vagal slowing, elicited through the carotid sinus and aortic depressor reflexes. Where the pressure rises slowly (Figure 2 ) no bradycardia ensues. In no instance did stroke volume increase, a rather surprising result since Wilkins (personal communication) has found a marked increase in cubital venous pressure, and Cournand and Ranges (unpublished data) have found a marked rise in right auricular pressure, after angiotonin administration. Since x-ray studies fail to show cardiac dilatation, it is inferred that the failure of the heart to increase its stroke volume in the face of increased venous pressure is attributable to increased "cardiac tone." This conclusion is further supported by the demonstration of decreased diastolic size of the isolated mammalian heart in response to angiotonin (3 (14) .
